Dietary format, and its role in pet nutrition, is of interest to pet food manufacturers and pet owners alike. The aim of the present study was to investigate the effects of pre-and post-weaning diets (kibbled or canned) on the composition and function of faecal microbiota in the domestic cat by shotgun metagenomic sequencing and gene taxonomic and functional assignment using MG-RAST. Post-weaning diet had a dramatic effect on community composition; 147 of the 195 bacterial species identified had significantly different mean relative abundances between kittens fed kibbled and canned diets. The kittens fed kibbled diets had relatively higher abundances of Lactobacillus (>100-fold), Bifidobacterium (>100-fold), and Collinsella (>9-fold) than kittens fed canned diets. There were relatively few differences in the predicted microbiome functions associated with the pre-weaning diet. Post-weaning diet affected the abundance of functional gene groups. Genes involved in vitamin biosynthesis, metabolism, and transport, were significantly enriched in the metagenomes of kittens fed the canned diet. The impact of post-weaning diet on the metagenome in terms of vitamin biosynthesis functions suggests that modulation of the microbiome function through diet may be an important avenue for improving the nutrition of companion animals.
. Complementary to the changes in microbial community composition associated with diet are the effects of diet on the function of the intestinal microbiome. Investigating these in parallel gives insight not only into the effect of diet on the taxonomic composition of the microbiome, but into the impact that this has on potential microbiome function.
While much research has investigated the effects of specific dietary components (e.g., protein, carbohydrate, or fibre) on intestinal microbial composition in laboratory settings, pets in the home environment are typically fed specific formats of pet food, generally either kibbled or canned diets. There is relatively little research on the impact of dietary format, but its role in pet health is of great interest to pet food manufacturers and pet owners alike. Commonly six dietary components are discussed in terms of dietary format -carbohydrate, protein, fat, water and vitamin and mineral contents. Kibbled diets tend to have higher carbohydrate contents and lower protein levels, whereas canned diets have very low carbohydrate content, and medium to high levels of protein and fat. Canned diets also contain approximately 75-80% moisture. Our previous research has shown large differences in the composition of faecal microbiota in the domestic cat associated with either short-term changes in diet 5 or following the feeding of kibbled and canned post-weaning diets 6 . Prior research has shown that taurine status of cats is affected by dietary format, with taurine availability lower in canned diets compared to kibbled diets. Intestinal microbiota have a role in overall taurine status 7, 8 .
Additionally, it has been reported in recent reviews that Maillard reaction products (chemical reactions between amino acids and sugars) are high in commercially available pet foods, especially canned formulations 9 and that they have the potential to impact on the health of the pet, although the mechanisms by which this may occur are not clear 10 .
Although vitamins can be obtained from a variety of foods, some vitamins (e.g., vitamin B1 (thiamine), vitamin B9 (folic acid) and vitamin B12 (cobalamin)) can also be provided through microbial de novo biosynthesis 11, 12 . Indeed, microbe-derived vitamins may be of particular importance when diets are deficient in these vitamins. Thiamine deficiency has been reported in cats and has largely been attributed to heat treatment during the canning process 13, 14 . While it has been suggested that kibbled diets may increase thiamine requirements due to their high carbohydrate content 14 , recent literature suggests that thiamine concentrations in canned food may be below the recommended amounts for adult cats 15 . To our knowledge, four studies have examined the function of the intestinal microbiota in the domestic cat [16] [17] [18] [19] , of which two investigated dietary parameters (fibre 17 and protein 18 levels) in weaned kittens, but the impacts of pre-weaning diet on the function of intestinal microbiota in relation to vitamin synthesis have not yet been investigated. Furthermore, the majority of cats in home settings are fed either canned or kibbled diets, yet few published studies have examined the impacts of these diet formats on the composition and function of intestinal microbiota in domestic cats. Our previous research using sequencing of 16S rRNA gene amplicons 6 showed that pre-weaning consumption of a canned versus a kibbled diet altered the faecal relative abundance of several taxa, including Solobacterium, Peptococcaceae, Clostridium, and Megamonas.
The aim of the present study was to investigate the effects of pre-weaning (gestation and lactation) diet and post-weaning diet on the composition and function of faecal microbiota in the domestic cat through metagenome shotgun sequencing, focussing on vitamin and taurine metabolism. Table 1 . The effects of pre-weaning and post-weaning diets on the energy, fat and protein intake and content in faeces and apparent digestibility of energy, fat and protein in the domestic kitten (n = 5 per treatment). Data are presented as the mean and standard error of the mean (SEM). P value indicates ANOVA significance of rank transformed data. K = Kibbled. C = Canned. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male. 1 Comparisons between Diets K-K and K-C vs C-K and C-C. 2 Comparison between Diets K-K and C-K and C-C and K-C. DM = dry matter.
Scientific RepoRts | 6:34668 | DOI: 10.1038/srep34668 post-weaning had substantially higher relative abundances of bacteria from the Lactobacillus, Bifidobacterium, and Collinsella genera compared to kittens fed the canned diet post-weaning (Table 2 ). In our previous study using 16S amplicon sequencing, an increase in Lactobacillus of similar magnitude was also observed in kittens fed the kibbed diet 6 . However, Bifidobacterium was not detected in our previous study and the proportions of Collinsella were <1% 6 , whereas in our current study, Collinsella made up >10% of the microbiota in kittens fed the kibbled diet. This discrepancy may be explained by the differences in sequencing methods used; reliable detection of Bifidobacterium using V1-V3 primers, such as those used in our previous study, can be problematic 20 , and PCR amplification biases are avoided by shotgun sequencing methods.
In general, Lactobacillus and Bifidobacterium are recognised as adept carbohydrate utilising bacteria 21, 22 , with genomes containing a high number genes encoding a wide range of carbohydrate transport and utilisation functions 21, 23, 24 , so their enrichment in the community of kittens fed the kibbled diets is consistent with complex carbohydrate diet studies in other mammalian species [25] [26] [27] [28] . In contrast, kittens fed the canned diet post-weaning had higher relative abundances of bacteria from the Fusobacterium, Bacteroides and Clostridium genera ( Table 2) , all of which include representatives that have proteolytic activity [29] [30] [31] . Fusobacterium are commonly found in the faeces of healthy dogs 32, 33 . Furthermore, because Fusobacterium are proteolytic bacteria 34 they have been associated with high protein diets in kittens 35 , adult cats 5, 36 and dogs 37 . Bacteroides are known to utilise host mucin glycans 38, 39 in the absence of dietary carbohydrates, which may also partially explain the success of these bacteria in kittens fed the canned diet. Sequences aligning with sialidase-1, Fucose 4-O-acetylase, and N-acetylneuraminate lyase, which are involved in mucin degradation 40 , were between 7 and 80-fold higher (FDR <0.05; Supplementary Table S6 .xlsx), in kittens fed the low carbohydrate, canned diet. This is consistent with greater utilisation of host mucins, and may therefore partially explain the success of bacteria such as Bacteroides in kittens fed the canned diet. However, the overall relative abundance of these sequences was low, comprising <1% of the overall metagenome. The first letter indicates the mother's diet during pregnancy and lactation and the second letter indicates the kitten's diet; canned (C) or kibbled (K). Lines converge at the spatial centroid for each treatment group. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male.
In addition to effects of post-weaning diet, the type of diet consumed by the dams during pregnancy and lactation had a measurable impact on the kitten's microbial community 17 weeks post-weaning (Fig. 1) . Streptococcus spp. were particularly prominent in kittens of mothers fed the kibbled diet that were also fed the kibbled diet (K-K kittens; Table 2 ); these species collectively made up over 46% of the communities, on average, in these kittens. Of these, S. infantarius and S. gallolyticus were dominant, making up 15.2% and 14.3% of the community in K-K kittens, respectively (Supplementary Table S1xlsx ). In contrast, streptococci were only a minor component of the microbiota (<1%) in kittens of mothers fed the canned diet, which had been weaned onto the kibbled diet (C-K). Streptococci were also in low abundance in K-C and C-C kittens (0.13% and 0.09%, respectively). Streptococci are a diverse group of microbes, and are efficient fermenters of simple sugars. They are among the earliest colonisers of the gastrointestinal tract, where they may be detected within a day of birth 41 . The high relative abundance of streptococci observed in kittens for which kibbled diets were fed both pre-and post-weaning likely reflects the maternal colonisation source in establishing this taxon, and the continued selection for it by the kibbled diet. Genus level data from our previous study 6 indicated that the mothers of these kittens also had higher levels of streptococci than mothers of kittens with low levels of streptococci. While streptococci were of low relative abundance in the C-K group compared to the K-K group, lactobacilli were 2-fold higher. Therefore, it is possible that the lactobacilli, along with other bacteria, were filling the carbohydrate utilising niche that would otherwise be occupied by the streptococci. Table 2 . The effects of pre-weaning or post-weaning diets (canned or kibbled) on the bacterial genera (proportion of total sequences) present in faecal samples of the domestic kitten (Felis catus; n = 5 per treatment). Results are presented as mean and standard error of the mean (SEM). P value indicates ANOVA significance of rank transformed data and False Discovery Rate (FDR) indicates multiple testing adjusted P value. Taxa shown are those with significant differences in relative abundance between post-weaning treatments with the highest mean relative abundances across all groups.
Comparisons between Diets K-K and K-C vs C-K and C-C. 2 Comparison between Diets K-K and C-K and C-C and K-C.
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Other taxa that have relative abundances affected by both the mother's diet and the weaning diet included Escherichia and Shigella, which consisted of 3.2% and 4.5% of the community from K-C kittens, respectively, but formed <1% of the community in all other groups (Table 2; Supplementary Table S2xlsx) . These results show that early microbiome seeding events can influence how the microbiome responds to dietary changes later in life. In particular, the K-C group exhibited a significant relative increase in numerous members of the Gammaproteobacteria, such as Escherichia coli, Shigella spp., Salmonella enterica, Citrobacter spp., and Klebsiella spp. (Supplementary Table S1xlsx ). Collectively, the Gammaproteobacteria made up 8.1% of the community in K-C kittens, but were not more than 0.3% of the community in K-K, C-K, or C-C kittens (Supplementary Table  S4xlsx ). The reasons for the prevalence of Gammaproteobacteria within the K-C treatment are unclear.
Community metagenome function. Hierarchical functional analysis of paired end sequences with a minimum identity of 80% resulted in an average of 909,272 paired end sequences per sample (minimum 95,962, maximum 2,621,630, standard deviation 705,180) that could be functionally classified.
While the maternal diet during pregnancy and lactation had some observable effects on the microbial community composition in the kittens at 17 weeks of age, they had less impact on the predicted metagenome function composition (Supplementary Table S6xlsx ). Comparisons of the kitten's faecal metagenomes, classified using the Clusters of Orthologous Groups (COG) of proteins database and analysed using permutation MANOVA, showed a significant effect of post-weaning diet (P = 0.001). Although no effect from the maternal diet was observed (P = 0.687), there was a significant interaction between maternal diet and post-weaning diet (P = 0.031). This observation was supported by discriminant analyses which showed that the kitten's faecal metagenomes could be differentiated based on the mother's diet (Fig. 2) . Comparisons of the metagenome gene functions with community taxonomic compositions via Procrustes rotation analysis also showed good agreement between the two analyses (correlation = 0.76, P = 0.001; Fig. 3 ). The lesser differences observed on the composition of the metagenome compared to the microbial taxonomic composition is a well reported phenomenon 42 , suggesting that a high degree of genetic redundancy exists in the microbial community. Nevertheless, in our study, the post-weaning diet clearly impacted the kitten's metagenome composition.
Carbohydrate and energy metabolism. The differences observed in faecal microbial communities, and faecal protein and energy content, appear to be reflected in some of the metagenome functions observed. The higher relative abundance of ostensibly adept carbohydrate utilising bacteria in kittens fed the kibbled diet was associated with a higher proportion of sequences that mapped to the COG category "Carbohydrate transport and metabolism" (Table 3 ; FDR = 0.017). The higher energy content in the faecal material of kittens fed the kibbled diet was also reflected in a greater proportion of sequences that mapped to the COG category "Replication, recombination and repair", indicating greater bacterial proliferation in those kittens (Table 3 ; FDR = 0.006). Conversely, the lower energy content in faecal material from kittens fed the canned diet was associated with increased relative abundance of sequences that mapped to the COG category "Energy production and conversion" (Table 3 ; FDR = 0.006).
Associated with the apparent difference in energy metabolism, kittens from the K-C group had a significantly higher number of sequences with hits to genes encoding phosphogluconate dehydratase [EC:4.2.1.12] compared to the other treatment groups (interaction FDR = 0.02; Supplementary Table S6xlsx ). This enzyme is a key component of the Entner-Doudoroff (ED) pathway 43 , which is an alternate mechanism to the more commonly used Embden-Meyerhof-Parnas (EMP) pathway for generating ATP. The ability to use the ED pathway is a characteristic feature of many Gammaproteobacteria [44] [45] [46] , which were also the most relatively abundant in the K-C kittens. Although less efficient than the EMP pathway in terms of ATP generated per molecule of glucose, the ED pathway requires less enzyme machinery and therefore has lower protein requirements 46, 47 . The lower protein content in faeces from kittens fed the canned diet may be a contributing factor in the increased relative abundance of Gammaproteobacteria and use of the ED pathway in the K-C kittens.
Recently, Deusch et al. 18 reported that post-weaning changes in the protein: carbohydrate ratio (high protein/ low carbohydrate (HP/LC) and medium protein/medium carbohydrate (MP/MC)) changed the structure and function of the faecal microbiome of the cat. The top 5 KEGG functions were replication and repair (approx. 12% of sequences), amino acid metabolism (approx. 12% of sequences), carbohydrate metabolism (approx. 11% of sequences), translation (approx. 8% of sequences), nucleotide metabolism (approx. 7% of sequences) 18 . Our findings show good agreement with these results.
Vitamin biosynthesis and metabolism. A number of vitamins are metabolised within the intestinal tract of mammals 48 . These include vitamin K and the vitamin B family. The vitamin B family encompasses a range of vitamins including vitamin B1 (thiamine), B2 (riboflavin), B3 (niacin), B6 (pyridoxine), B9 (folic acid) and B12 (cobalamin). In comparison to other carnivores (e.g., dogs), cats appear to have a higher requirement for several B-vitamins that arise from microbial synthesis such as thiamine, riboflavin, niacin, pyridoxine and folic acid 49, 50 . Therefore, it was of interest to understand the effects of diet format on pathways involved in vitamin B metabolism in the metagenome of the cat.
Thiamine deficiency has been reported in cats fed canned diets and has largely been attributed to heat treatment during the canning process 13, 14 , preservatives such as sulphur dioxide 51, 52 or fish-based diets 53 . While it has been suggested that kibbled diets may increase thiamine requirements due to their high carbohydrate content 14 , recent literature suggests that thiamine concentrations in canned food may be below the recommended amounts for adult cats 15 . As for all mammals, thiamine cannot be synthesised by the cat, instead it relies on microbial de novo biosynthesis 54 or 'salvaging' pathways [54] [55] [56] . In our study, pathways directly related to vitamin biosynthesis, metabolism, and transport, namely the COG "Coenzyme transport and metabolism" and KEGG Orthology (KO) "Metabolism of cofactors and vitamins" pathways, were significantly enriched (FDR < 0.05) in the metagenomes of kittens fed the canned diet (Table 4) compared to the kibbled diet. Within KO "Metabolism of cofactors and vitamins", five pathways were differentially represented (FDR < 0.05) and of those, four were related to metabolism of vitamin B; "Thiamine metabolism" (PATH:ko00730), "Riboflavin metabolism" (PATH:ko00740), "Folate biosynthesis" (PATH:ko00790), and "Biotin metabolism" (PATH:ko00780; Fig. 4 ). Of these B-vitamin related pathways, all except "Folate biosynthesis" were more relatively abundant in kittens fed the canned diet.
The most relatively abundant vitamin B-related sequences included those with hits to ThiH (K03150), involved in thiamine biosynthesis, and RibB (EC:4.1.99.12), required for riboflavin biosynthesis (Table 5) . Both thiH and ribB occurred in metagenomes with a prevalence between 0.26% and 0.70% in K-C and C-C kittens, but <0.12% in K-K and C-K kittens. Four other genes involved in riboflavin biosynthesis, predicted to encode UbiB (EC:1.16.1.3/EC:1.5.1.41), RibH (EC:2.5.1.78), SsuE (EC:1.5.1.38 ) and AphA (EC:3.1.3.2), were also more abundant in kittens fed the canned diet (FDR < 0.05; Table 5 ). Of these genes, ubiB, ssuE and aphA were also affected by the maternal diet, and occurred with the greatest relative abundance in K-C kittens (interaction FDR < 0.01). UbiB and SsuE are also involved in the conversion of riboflavin to other metabolites, which may explain the reduced faecal and urinary riboflavin concentrations observed when feeding low carbohydrate diets in cats 57 . In humans, Bacteroidetes, Fusobacteria and Proteobacteria are the dominant phyla responsible for riboflavin synthesis 58 and these phyla collectively formed a significantly larger proportion of the microbiota in kittens fed the canned diet. In contrast, the genes with predicted involvement in folate biosynthesis, encoding FolC (EC:6.3.2.12) Figure 2 . Scores biplot from partial least squares discriminant analysis (PLS-DA) of kittens' faecal metagenome COG-predicted functional classifications. The first letter indicates the mother's diet during pregnancy and lactation and the second letter indicates the kitten's diet; canned (C) or kibbled (K). Lines converge at the spatial centroid for each treatment group. Grey spheres show the COG functions that best discriminate the groups from each other. The size of the spheres are proportional to the relative abundance of that COG function. The spatial position of each COG function is plotted as a weighted average of the coordinates of all samples. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male.
and SulD (FolB; EC:4.1.2.25), were relatively more abundant in kittens fed the kibbled diet compared to the canned diet (FDR < 0.05; Table 5 ). Both folC, which encodes dihydrofolate/folylpolyglutamate synthase, and suID which encodes dihydroneopterin aldolase, are prevalent among Streptococcus and Lactobacillus genomes [59] [60] [61] [62] [63] , and these taxa were significantly enriched in kittens fed the kibbled diet. The increased metagenome potential for synthesising thiamine and riboflavin in kittens fed the canned diet, but increased potential for folate synthesis in kibble-fed kittens, suggests scope for improving both types of diets to optimise microbial vitamin B biosynthesis in the cat.
In addition to changes in vitamin B-related functions, the post-weaning diet also affected proportions of vitamin K-related genes and functions in the faecal metagenomes (Table 5) . Vitamin K, an essential vitamin for the cat, is fat soluble and is required for a number of functions including blood coagulation. Vitamin K comes in two natural forms -phylloquinone (vitamin K1) and menaquinone (vitamin K2). Phylloquinone, also known as the plant form of vitamin K, is converted to menaquinone in the intestine 64 . The KO pathway encompassing menaquinone biosynthesis and conversion is associated with the "Ubiquinone and other terpenoid-quinone biosynthesis" (PATH:ko00130) pathway, which was significantly enriched in kittens fed the canned diets (FDR < 0.001; 20) , showed significant differences (FDR < 0.05) in representation between kittens fed the canned and kibbled diet. Of these, all but menA were relatively more abundant in kittens fed the canned diet. These differences raise the possibility that more vitamin K2 is being produced by the microbial community in kittens fed the canned diet.
Taurine metabolism. Taurine is an essential nutrient for the cat and therefore must be supplied by all complete and balanced diets. This is in part due to the high reliance the cat has on taurine to conjugate bile acids. The type of diet fed to the cat -i.e., kibbled or canned, determines the required level of taurine required to be Octahedrons show taxonomic projection coordinates and spheres show COG coordinates for each sample. Lines join taxonomic and COG profiles from the same sample, with closer proximity indicating greater similarity between the two projections. The first letter indicates the mother's diet during pregnancy and lactation and the second letter indicates the kitten's diet; canned (C) or kibbled (K). Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male.
Scientific RepoRts | 6:34668 | DOI: 10.1038/srep34668 supplied by the diet. For example, 1 g taurine per kg DM is required in kibbled diets whereas canned diets require 2 g taurine per kg DM diet 50 . Additionally, the relationship between taurine and Maillard reaction products and intestinal microbiota has been of interest for the cat since work published in 1996 showed that Maillard reaction products induced taurine depletion in the cat and that this could be reversed with antibiotics 65 . Taurine is readily degraded by the intestinal microbiota 7, 8 . The main enzyme responsible for taurine degradation is α-ketogluterate amino transferase (EC 2.6.1.55). In the current study, the levels of genes encoding two bacterial enzymes involved in taurine breakdown (taurine dioxygenase [EC 1.14.11.17; TauD] and sulfoacetaldehyde acetyltransferase [EC:2.3.3.15; Xsc] 66-68 ) were increased in cats fed canned diets post-weaning, although both were still at low levels. This may support results from previous studies that suggest taurine may be broken down to sulphite at higher rates in canned diets 7, 8 . Cats preferentially use taurine to conjugate bile acids. The principal bile acid in cats is taurocholic acid, and the bacterial degradation of taurocholic acid leads to loss of taurine, thus increasing the dietary requirement. Previous work has shown that cats fed kibbled diets had a reduction in the levels and composition (primary and secondary bile salts) of faecal bile acid secretion compared to cats fed canned diets 7 . In the cat, secondary bile salts are produced as a result of 7-α-dehydroxylase activity 69 . Mining the KEGG pathways showed no detection of enzymes associated with bile salt biosynthesis such as cholyltaurine hydrolase (bilesalt dehydrogenase, choloylglycine hydrolase [EC:3.5.1.24]) or penicillin amidase [Pva; EC:3.5.1.11]-related sequences which may be annotated incorrectly as bile salt dehydrogenase in public databases 70 . Recent reviews have shown that Maillard reaction products are high in commercially available pet foods, especially canned formulations 9 and that they have the potential to impact on the health of the pet 10 . Maillard reaction products are thought to be degraded by a number of bacterial species, primarily through enzymes such as fructosamine 3-kinase (FN3K), fructosyl amino oxidase (FAP) and glucosamine-6-phospate synthase (GlmS). Table 3 . The effects of pre-weaning (gestation and lactation) or post-weaning diets (canned or kibbled) on the KEGG orthology pathways (proportion of total sequences) present in faecal samples of the domestic kitten (Felis catus; n = 5 per treatment). Results are presented as mean and standard error of the mean (SEM). P value indicates ANOVA significance of rank transformed data and False Discovery Rate (FDR) indicates multiple testing adjusted P value. K = Kibbled. C = Canned. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male. 1. Comparisons between Diets K-K and K-C vs C-K and C-C. 2. Comparison between Diets K-K and C-K and C-C and K-C.
Only GlmS was identified in KEGG, and there was no effect of dietary treatment (FDR = 0.138). The relatively small differences associated with dietary format and taurine metabolism were surprising but may reflect that while analysing the metagenome provides information on the functional potential of the microbiome, differences in microbiome activity are not picked up by these analyses. Given the changes observed in both vitamin B and K metabolism associated with dietary format, the impact of dietary format on the long term nutrition via vitamin status of the cat is one that should be investigated in future studies.
Conclusion
To our knowledge this is the first time the effects of pre-and post-weaning diets on the genetic functional potential of the faecal microbiota have been investigated in the domestic kitten. Although the mother's diet did not significantly alter the composition of the microbiome, a significant interaction with post-weaning diet was observed. The impact of post-weaning diet on the metagenome in terms of energy and carbohydrate metabolism, and vitamin biosynthesis functions, suggests that modulation of microbiome function through diet may be an important avenue for improving the nutrition of companion animals. Animals and housing. Animals and housing have been described in detail previously 6 . Briefly, queens were maintained on a moderate protein:fat:carbohydrate kibbled diet (35:20:28% DM; n = 4) or a high protein:fat:carbohydrate canned diet (45:37:2% DM; n = 3) throughout pregnancy and lactation -defined as the pre-weaning phase. From week 0 to 4, kittens received milk from their dam exclusively. At 4 weeks of age, the kittens were randomly assigned to one of the two diets (canned or kibble), and were weaned onto solid food in a gradual manner, receiving both their allocated diet and the dam's milk until week 8, when the kittens were fully weaned. Half of each litter was randomly assigned (within sex) onto Diet C and half onto Diet K, forming four dietary treatment Table 4 . The effects of pre-weaning (gestation and lactation) or post-weaning diets (canned or kibbled) on the Metabolism of cofactors and vitamins KEGG orthology pathway (proportion of total sequences) present in faecal samples of the domestic kitten (Felis catus; n = 5 per treatment). Results are presented as mean and standard error of the mean (SEM). P value indicates ANOVA significance of rank transformed data and False Discovery Rate (FDR) indicates multiple testing adjusted P value. K = Kibbled. C = Canned. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male. 1 Comparisons between Diets K-K and K-C vs C-K and C-C. 2 Comparison between Diets K-K and C-K and C-C and K-C.
Materials and Methods
groups (C-C, C-K, K-C, K-K; n = 5 per treatment group; Table 6 ). The post-weaning phase was defined as commencing when the kitten was no longer receiving milk from its mother (8 weeks of age), and at this point kittens were removed from their mothers and placed into group housing according to their post-weaning diet. Diet and water were available ad libitum daily to allow for normal growth 6 .
Diets. Commercially available kibbled (Diet K; moderate protein:fat:carbohydrate -35:20:28% DM) and canned diets (Diet C; protein:fat:carbohydrate -45:37:2% DM) were utilised in this study (Table 7) . Both diets were formulated to meet the nutrient requirements for growth, gestation and lactation according to the Association of American Feed Control Officials. Diets were analysed for moisture content using a convection oven at 105 °C (AOAC 930.15, 925.10) and the ash residue using a furnace at 550 °C (AOAC 942.05). Crude protein and crude fat were determined using the Leco total combustion method (AOAC 968.06) and acid hydrolysis/ Mojonnier extraction (AOAC 954.02), respectively. Gross energy (kJ/g) was determined using bomb calorimetry. Crude fibre was determined using the gravimetric method (AOAC 978.10) and Nitrogen-Free Extractable matter (NFE) by difference 6 .
Digestibility. Apparent digestibility of dietary macronutrients (energy, protein, fat) was determined during week 17. Individual total food intake and refusals were recorded daily and total faecal output was collected over a five day period and frozen (−20 °C), freeze dried, and ground for analysis. The diet and faeces were analysed for moisture using a convection oven at 105 °C (AOAC 930.15, 925.10), ash using a furnace at 550 °C (AOAC 942.05).
Crude protein and crude fat were determined using the Leco total combustion method (AOAC 968.06) and acid hydrolysis/Mojonnier extraction (AOAC 954.02), respectively. Gross energy (kJ/g) was determined using bomb calorimetry. 
05) between kittens fed the canned (C) diet (C-C and K-C) or the kibbled (K) diet (C-K and K-K).
Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male.
Scientific RepoRts | 6:34668 | DOI: 10.1038/srep34668 Sequence analyses and statistics. Metagenomic DNA extracted from faeces (week 17) was analysed by paired-end (PE100) shotgun sequencing using the Illumina Hi-Seq 2000 platform from Macrogen Inc. (Seoul, Republic of Korea), a commercial sequencing provider. Paired-end sequences were joined in silico, and taxonomically and functionally classified using the MG-RAST pipeline (version 3.2) 71 . Taxonomic assignments were indicates multiple testing adjusted P value. K = Kibbled. C = Canned. Diet K-Diet K (K-K) n = 3 females, n = 2 males. Diet C-Diet K (C-K) n = 3 females, n = 2 males. Diet K-Diet C (K-C) n = 3 females, n = 2 males. Diet C-Diet C (C-C) n = 4 females, n = 1 male.
Queen diet

Post-weaning diet
Diet K Diet C Pre-weaning diet Diet K K-K n = 3 females, n = 2 males C-K n = 3 females, n = 2 males Diet C K-C n = 3 females, n = 2 males C-C n = 4 females, n = 1 male Table 6 . Treatment groups for determining the effects of pre-weaning (in utero and during lactation) and post-weaning diet on intestinal microbiota in the domestic kitten (Felis catus; n = 5 per treatment).
carried out using the best hit classification method with a minimum 80% identity cut off against the M5NR database 72 . Functional classifications were predicted from the COG and KO databases with a 0.8 identity threshold. COG and KO functions that did not occur in at least 5 samples with a relative abundance greater than 1 × 10 −8
were removed from the dataset. Similarly, only taxa that occurred in at least 5 samples with a relative abundance greater than 1 × 10 −4 were included. Statistical tests were performed using R 3.1.3 73 . Difference between mean relative abundances of taxa and predicted functions were analysed by two-factor permutation ANOVA implemented using the RVAideMemoire package (version 0.9-45-2) 74 . Adjustment of P values for multiple testing was performed using the Benjamini & Hochberg false discovery rate (FDR) method, with FDR < 0.05 considered significant. Permutation MANOVA and Procrustes rotation analysis was performed using the adonis and procrustes functions, respectively, as implemented in the vegan package 75 . Partial least squares discriminant analysis (PLS-DA) and principal component analysis was performed using the mixOmics package 77 . Table 7 . Macronutrient profile of the kibbled (Diet K) and canned (diet C) diets fed to domestic short hair kittens (Felis catus). Both diets were formulated to meet the nutrient requirements for growth, gestation and lactation according to the Association of American Feed Control Officials (AAFCO). 1 Ingredient list of Diet K (from pack): Corn, chicken and chicken meal, chicken digest, maize gluten, chicken tallow, tuna meal, poultry and poultry meal, iodinised salt, vegetable oil. 2 Ingredient list of Diet C (from pack): Meat by-products and meat derived from chicken, lamb, beef, and mutton; gelling agent; minerals; vegetable oil, emulsifier; colouring; vitamins, chelating agents. 3 Nitrogen free extract (% DM) calculated by difference (100 -crude protein -crude fat -crude fibre -ash). 4 Determined using modified Atwater factors of: crude protein (3·5 kcal ME/g DM), crude fat (8·5 kcal ME/g DM), NFE (3·5 kcal ME/g DM).
